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In 1965 the Missouri Legislature passed House Bill 201 
adopting the Missouri Plane Coordinate System as computed 
by the United States Coast and Geodetic Survey. The re-
quirements of this law and the density and distribution 
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The orderly development of a tract of land, whether 
nation, state, county, or subdivision thereof, is depend-
ent upon the availability of accurate maps, and the 
ability of the various developers to fix the position 
of their mapped lands upon the ground. Much of the 
development in the state of Missouri preceded accurate 
mapp1ng. Before the public land of the state was sold, 
sections of as near one mile square as possible were 
marked out on the ground and plats showing same were 
recorded. The surveys of the public land were quite 
adequate for the purpose intended, that being the rapid 
division of cheap land into saleable units, but with 
the intensive development in urban and suburban areas 
and the increased land values of the agricultural lands 
of the state, ·the need for more permanent property line 
marking is apparent. Also the property rights of 
individtlals, private corporations, and municipal bodies 
must be properly and accurately depicted on the maps of 
the planning engineer if a logical and reasonable decision 
1s to reached concerning the development of an area. 
A:1 ideal way of achieving the foregoing details is by the 
use of a plane coordinate system such as the ''Missouri Co-
ordinate System'' as devised by the United States Coast and 
Geodetic Survey. 
2 
The material presented in this thesis was gathered 1n 
an effort to determine the relationship between legal 
requirements for horizontal geodetic control of the "Missouri 
Coordinate System" and the actual distribution of geodetic 
control stations in Missouri and to investigate methods of 
relating economic development of an area to the need for 
additional control in that area. 
DEVELOPMENT OF THE STATE PLANE COORDINATE SYSTEM 
In 1933 the United States Coast and Geodetic Survey was 
requested to make the geodetic data gathered by them, avail-
able to engineers and surveyors in a form which could be 
used without becoming involved in the lengthy and cumber-
sam~ geodetic formulas. The Coast and Geodetic Survey 
having already had some experience in the area of plane 
coordinate conversions, from work with the Division of 
1' . ~ . • . .c th ·1l~lcary mapp1ng o~ e Corps of Engineers [2], devised a 
system of plane coordinates for each state. 
In any projection of the spheroids surface onto a flat 
surface distortions are going to occur but by proper choice 
and orientation of projection system the type and :;nagnitude 
of the distortion can be controlled. By choosing a conformal 
projection true scale 1s maintained in the angular relation-
ship of the distances will vary in only one direction. The 
Lambert conformal projection was chosen for states with 
a maJOr dimension in the east-west direction [1]. In the 
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L~mbert projection the scale varies as the distance from 
the central parallel, so it is best suited for states of 
limited exTent in the north-south direction. 
The transverse Mercator projection was chosen for states 
of limited dimension in the east-west direction. In the 
transverse Mercator projection scale varies with the dis-
tance from the central meridian making it more suitable 
for areas of limited east-west dimension or those that can 
conveniently be divided into such portions. 
If the developable surface were placed tangent to the 
spheroid at the central parallel or central meridian, the 
scale would be exact along this line and would be too large 
at all points away from the central line. The scale will 
vary 1n proportion to the square of the distance from the 
central line. By placing the plane surface slightly be-
low the spheroid surface at the central line the scale 
will be small at the centrRl line, and lines of exact scale 
will exist at equal distances each side of the central 
line. By making this scale adjustment the usable width 
of the plane without excessive scale error is greatly ex-
tended. When the central line of the projection is re-
duced in scale by one part in ten thousand the width of 
usable plane with maximum scale error of one part in ten 
thousand is extended from 112 miles to 158 miles [1]. 
The transverse Mercator projection was chosen for the 
sTate of Missouri, with three zones extending from south 
4 
to north across the state as shown on Figure (1). In some 
aspects the Lambert system would have been better for 
Missouri because the state has 60 miles less total dimen-
sion north to south than east and west. Slightly better 
scale control could have been achieved with the Lambert 
system but division lines would have been more erratic. 
Using the transverse Mercator system, scale error in one 
zone varies from one part in fifteen thousand at the 
central meridian to l/8800 at each edge of the zone and 
in the other zones scale error below one part in ten thou-
sand is maintained. 
LEGAL DEFINITION AND STATUTORY REQUIREMENTS 
OF THE MISSOURI PLANE COORDINATE SYSTEM 
In 1965 House Bill 201 was adopted by the Missouri 
Legislature as enabling legislation for the Missouri Plane 
Coordinate System. This legislation does not require the 
use of the coordinate system described nor does it limit 
engineers to the use of the system defined. The statute 
only defines a system of plane coordinates for official 
use in the state and places limitations on its use with 
respect to legal description of real property. 
The following paragraphs from "Hissouri Laws 1965" 
contain the definitions and limitations of the Missouri 
statute. 
60 .'+00. "MISSOURI STATE COORDINATE SYSTEM" 
ADOP~ED AND ESTABLISHED. --The system of plane 
rectangular coordinates, which has been esta~­
lished by the United States Coast and Geodet1c 
5 
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Figure 1. Zones of Missouri Plane Coordinate System 
Survey f?r defining and stating the positions 
or locat1ons of points on the surface of the 
earth within Missouri, is hereby adopted for 
official use in this state. It shall here-
after be known and designated as the "Missouri 
State Coordinate Svstem". 
60.4.10. STATE DI~IDED INTO THREE ZONES--
DESCRIPTIONS.--1. For the purpose of the 
use of this system, Missouri is divided into 
three separate zones, ~o be officially known 
as "The East Zone", "The Central Zone", and 
!!The West Zone". 
60.420. ZONES GIVEN OFFICIAL NAMES. --As 
established for use in the east zone, the 
Missouri coordinate system shall be named, 
and in any land description in which it is 
used it shall be designated, the "Missouri 
Coordinate System, East Zone". As estab-
lished for use in the central zone, the 
Missouri coordinate system shall be named, 
a~d in any land description in which it is 
used it shall be designated, the "Hissou1,i 
Coordinate System Central Zone". As estab-
lished for use in the west zone, the Miss-
ouri coordinate system shall be named, and 
in any land description in which it is used 
it shall be designated, the "Missouri Co-
ordinate System, West Zone". 
60.430. USE OF PLANE COORDINATES TO ESTAB-
LISH LOCATIONS.--The plane coordinates of a 
point on the earth's surface, to be used in 
expressing the position or location of such 
point in the appropriate zone of this system, 
shall consist of two distances, expressed in 
feet and decimals of a foot. One of these 
distances, to be known as the "x-coordinate", 
shall give the position in an east-and-west 
direction; the other, to be know as the 
"y-coordinate", shall give the position in a 
north-and-south direction. These coordinates 
shall be made to depend upon and conform to 
the coordinates, on the Missouri coordinate 
system, of the triangulation and traverse 
stations of the United States Coast and 
Geodetic Survey within the state of Missouri, 
as those coordinates have been determined by· 
the survev. 
60.450. ~ISSOURI COORDINATE SYSTEM ZONES 
PRECISELY DEFINED.--For the purpose of more 
precisely defining.the Mi~s?u~i coordinate. 
system, the follow1ng d~f1n1t1on ~y the Un1ted 
States Coast and GeodeTlC Survey 1s adopted: 
(1) The Missouri coordinate system, east zone, 
6 
is a tr~nsverse Mercator projection of the 
Clarke sphe~oid of 1866, having a central 
meridian 90°--30' west of Greenwich on which 
. . ' 
mer1d1an the scale is set at one part in fif-
teen thousand too small. The origin of co-
ordinates is at the intersection of the meri-
dian 90°--30' west of Greenwich and the parallel 
35°--50' north latitude. This origin is given 
the coordinates: x = 500,000 feet andy = 0 
feet; 
(2) The Missouri coordinate system,central 
zone, is a transverse Mercator projection of 
the Clarke spheroid of 1866, having a central 
mer~idian 92°--30' west of Greenwich, on which ·· 
meridian the scale is set at one part in fif-
teen thousand too small. The origin of co-
ordinates is at the intersection of the meri-
dian 92°--30' west of Greenwich and the parallel 
of 35°--50' north latitude. This origin is 
given the coordinates: x = 500,000 feet and 
y = 0 feet; 
(3) The Missouri coordinate system, west zone, 
is a transverse Mercator projection of the 
Clarke spheroid of 1866, having a central 
meridian 940--30' west of Greenwich, on which 
meridian the scale is set at one part in seven-
teen thousand too small. The origin of coordi-
nates is at the intersection of the meridian 
940--30' west of Greenwich and the parallel 
36°--10' north latitude. This origin is given 
the coordinates: x = 500,000 feet andy = 0 feet; 
(4) The position of the Missouri coordinate 
system shall be as marked on the ground by 
triangulation or traverse stations established 
in conformity with the standards adopted by the 
United States Coast and Geodetic Survey for 
first-order and second-order work, whose geodetic 
positions have been rigidly adjusted on the 
North American datum of 1927, and whose co-
ordinates have been computed on the system 
herein defined. Any such station may be used 
for establishing a survey connection with the 
Missouri coordinate syste~. 
60.460. PROPERTY DESCRIPTIONS NOT TO BE RECORD-
ED UNLESS CONTAINING A POINT WITHIN ONE-HALF 
MILE OF TRAVERSE STATION.--No coordinates based 
on the Missouri coordinate system, purporting 
to define the position of a point on a land 
boundary, shall be presented to be recorded in 
any public land records or deed records unless 
the point is within one:half mile_of a !riangu-
lation or traverse st~t1on establ~shed.ln con-
formity with the stanaards prescr1bed 1n 
7 
section 60.450; provided, that the one-half mile 
~imitation may be modified by a duly author-
lzed state agency to meet local conditions. 
60.470. USE OF TERM LIMITED.--The use of the 
ter•m "Missouri Coordinate System" on any map, 
report of survey, or other document shall be 
limited to coordinates based on the Missouri 
coordinate system as defined in sections 
60.400 to 60.480. 
60.480. PROPERTY DESCRIPTIONS BASED ON UNITED 
STATES PUBLIC LAND SURVEY RECOGNIZED.--Descrip-
tions of tracts of land by reference to sub-
divisions, lines, or corners of the United 
States public land survey, or other original 
pertinent surveys, are hereby recognized as 
the basic and prevailing method for describing 
such tracts. Whenever coordinates of the 
Missouri coordinate system are used in such 
descriptions they shall be construed as being 
supplementary to descriptions of such sub-
divisions, lines, or corners contained in 
official plats and field notes of record; and, 
i~ the evsnt of any conflict, the descriptions 
by refereGce to the subdivisions, lines, or 
corners of the United States public land 
surveys, or other original pertinent surveys 
shall prevail over the description by 
coordinates. 
DESCRIPTION OF GEODETIC CONTROL 
Geodetic control consists of a network of monumented 
stations on the surface of the earth for which geographic 
positions have been accurately determined, and a system 
of leveling lines providing precise elevations on perman-
ent marker•s. Its principal function is to provide a 
framework for basing and checking other surveys generally 
of lower accuracy and for topographic mapping. 
8 
Horizontal geodetic control is that portion of geodetic 
control which provides latitude and longitude positions 
of monurnented s·tations and the distances and azumuths 
between stations. Because of the accuracy required and 
9 
the extent of th8 area covered, the curvature of the earth's 
surface and other factors must be taken into account. 
There are numerous methods for establishing horizontal 
geodetic control. The classical method is by triangulation 
in which the stations are at the vertices of an arc or 
network of triangles and quadrilaterals whose angles are 
accurately measured and whose sides are derived by com-
putation from selected triangle sides, the lengths of 
which are determined by highly accurate distance measuring 
equipment. Another method of establishing horizontal 
geodetic control is by traverse lines making use of modern 
distance measuring equipment. Depending upon the procedures 
and 8quipment used, these can be extremely accurate. 
ACCURACY TESTS 
The. basic accuracy requirements for geodetic control 
surveys ~erformed by government agencies is defined in 
Bureau of the Budget Circular A-16, Classification and 
Standards of Accuracy, and are shown in Table I. The 
specification for first order and second order traverse 
consist of five items; number of azimuth courses between 
azimuth checks; probable error in astronomical azimuth, 
azimuth closure, accuracy of distance measurement, and 
closing error 1n position. 
Many surveyors think that if a survey checks internally 
with an accuracy of one part in ten thousand it can be 
classed as a second order survey. Inspection of Table I 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































satisfied have to do with azimuth control, one item spc~i­
fies the accuracy with which distance must be measured 
and the last_ gives a positional tolerance, which for lines 
up to 10 miles is one part in ten thousand and for longer 
lines is 1.67 feet multiplied by the square root of the 
distance in miles. 
In addition to the requirements shown 1n Table I, the 
Coast and Geodetic Survey have specified certain refine-
ments in procedure which if followed will insure the 
desired accuracy [3]. 
From the wording of the Missouri Statute on plane 
coordinates it would seem that if these refinements are 
not followed 1n the establishment of a station, then that 
station could not be used as a starting point for a 
~escription which is to be recorded. 
EARLY CONTROL IN MISSOURI 
The first control surveys in Missouri were performed in 
1871, as reported in the annual report of the Coast and 
Geodetic Survey for that year~ The following excerpts 
from some of the annual reports will give an indication 
of some of the problems encountered in these early control 
surveys. 
From the Annual Report of the United States Coast and 
Seodetic Survey 1871 [5]; 
In further appliciation of the sum voted 
($15,000) for determining points in the interior, 
to serve as a basis of surveys that, when made 
by the several Western States, will be in true 
geographical relation to the coast, I made a 
reconnaissance in June last of the region about' 
Saint Louis, in Missouri. Assistant Richard D. 
Cutts accompanied me in this service and to ~is large experience in field operations I am 
lndebted for an early decision on the feasi-
bility of occupying intervisible stations for 
triangulation within an area of about one thou-
sand square miles in Illinois and Missouri. 
The locality having been selected for the 
determination of geodetic poin~s, instructions 
were given to Assistant R. E. Halter to organ-
ize his party and to lay out a scheme of 
triangulation across the Mississippi River 
extending to the westward in Missouri and to 
the eastward in Illinois, keeping in view the 
determination of spires and other prominate 
objects as additional points for the use of 
local authorities. The determination of an 
astronomical azimuth and the selection of a 
site for a base and its preliminary measure-
ment were also included among his duties. 
Operations were started on July 7, 1871 
but progress was retarded because of heat, 
haze, and sickness. The scheme of triangula-
tion laid out by October extended from below 
St. Louis to Alton, a distance of about 30 
miles north-south, and about the same distance 
east-west from Sugar Loaf in Illinois to 
Kessler in Missouri. 
Assistant Halter reports that after reach-
ing the Mississippi Bluffs, in Illinois, his 
further progress to the eastward, in the axis 
of the scheme already established, was impeded 
by a heavy growth of timber, extending four 
or five miles before the open country could 
be again reached; and that he had examined 
this tract for about twenty-five miles, north 
and south, without finding any practicable 
opening. If lines of sight cut through this 
belt of timber will entail considerable expense, 
the alternative will be to extend the scheme of 
triangles down the river to the highlands which 
overlook it. 
On the Missouri side the country was found 
more broken, and although considerable cutting 
had to be done, a scheme of triangles was 
found practicable. 
With a view to make the work now in pro-
gress in Illinois and Missouri inure as early 
as possible to th~ adv~nt~ge of.the Sta~es, 
the points determ1ned oy ~he tr~angulat1on. 
party will be connected w1th adJacent sect1on 
corners of the surveys which have been already 
made by the General Land Office. 
13 
F~eld work was consequently suspended during 
t0at J;lonth and August. Assistant Boyd and 
~ls ald devot:d this interval to the large 
amount of off1ce work on hand) belonging to 
the~~urvey of the Lower Mississippi. 
F1eld work was resumed near Saint Louis 
early in September and continued until the 
third of November Hhen the season closed. 
During this period the reconaissance was 
extended, and the triangulation, the sides of 
w~ich vary in length from eight to eighteen 
mlles, was completed for a distance of 
thirty-two miles westward from Saint Louis. 
The principal obstacle to rapid progress 
ln this triangulation is found in the forests 
of hardwood, which cover all the ridges, and 
through which, without cutting lines of sight 
the use of the theodolite is impossible. This 
natural impediment cannot well be met in July 
and August, for reasons already stated. The 
best months for carrying on the work, Assistant 
Boyd states, from experience of two years, to 
be the season from September 15 to November 
15, and during May and June. 
From the Annual Report for 1875 [4] 
The triangulation done this year previous 
to the middle of October (1874), when the party 
re~umed work in another part of the section, 
extended the determination of points westward 
t:Ld_rty miles through country thinly settled, 
and cffe~ing some obstacles that are not com-
monly met along the seaboard. All the ridges 
relied on for stations are densely wooded with 
hickory and oak and being nearly of the same 
height, their identification at a distance is 
difficult. Clearing lines for sight proved 
to be very laborious, and no lumber could be 
procured in the region for signals. In cross-
ing the fifth prin6ipal meridian of the United 
St~tes land surveys, Assistant Boyd occupied a 
subsidiary station, and connected one of the 
marks on that meridian with his scheme of tri-
angles. Another corner was identified east-
ward and northward of that line, and was 
brought into connection with his scheme of 
geographical points. The latitude and longi-
t11de of Saint Louis having been well determined 
since the period of the land surveys in that 
part of the state, the two points referred to, 
as might be expectec, d~ not accord on th7 local 




The Annual Report of the Coast and Gecdetic Survey for 
1872 describes the continuation of Geodetic work in :1issouri 
as follows; [6] 
Assistant Boyd took up field work near Saint 
Louis, in August last ... The great heat of 
September in the region abo~t Saint Louis 
caused much sickness in the party; but the 
details of triangulation were urged as far 
as practicable. Mr. Boyd selected a site for 
a base-line about eight miles to the eastward 
of the city, and proved its fitness for con-
necting properly with the triangulation points 
which have already been occupied. The base 
site intended for measurement on the American 
Bottom is about four and a half miles in length. 
In October the weather was favorable, but, 
as in the preceding month, i~nense volumes of 
smoke interfered with lines of sight along that 
part of the Mississippi Valley. Two stations 
near the city were occupied, both of them 
connecting by angles with the proposed base. 
Late in October, the line was measured with 
six meter bars under favorable circumstances 
and the ends were carefully marked for 
identification, as in all similar cases . 
Without the hindrance from smoke the tri-
angulation might have been well advanced to 
the westward of the Mississippi. 
The triangulation party, under Assistant 
Boyd, was transferred at the end 6f April, from 
Louisiana to the vicinity of the base, in Ill-
inois, opposite Saint Louis, where the work 
of the geodetic connection was resumed on the 
first of May. During that month, the four 
stations on the Illinois side of the Mississippi 
River, including the ends of the base measured 
on the American Bottom, vJere successively 
occupied, and in June, the measurements of 
horizontal angles, at stations on the Miss-
ouri side, were in great part completed. 
The progress of the observations at these 
stations was ~reatly delayed by the smoke 0 • 
hanging over Saint Louis, through whlch some 
of the lines of sight necessarily passed. 
Early in July, the intense heat increased 
the difficulty of seeing the signals, and 
the malaria of the season and the locality 
made all the party ill. Under these cir-
cumstances, it was impossible to obtain 
results at all adequate to expenditures. 
16 
CONTROL BY OTHER AGENCIES 
Control surveys have been performed by other agencies 
over the years. The accuracy with which the surveys \vere 
performed varies considerably. 
The surveys performed for the subdivision of the public 
land were of such low accuracy that they could hardly be 
classed as control surveys althouth they served that purpose 
for many years. Early maps of the public land states were 
constructed from the plats of the General Land Office (now 
Bureau of Land Management)and served for many years as the 
only available planning tool for the most trying era of 
the state. There were county and civil township boundaries 
to plan and locate, railroads and wagon roads to locate, 
canals and drainage ditches to develop, cities to build, 
natural resources to develop but many of these projects 
were already well underway by the time control surveys or 
detailed mapping came to Missouri. The corners established 
by the General Land Office while not geodetically correct 
are the mos~ legally correct network of points in the United 
Si:ates because of the congressional act which states in 
essence that the corner planted by the government surveyor 
is conclusive evidence as to the position it purports to 
mark. 
Because these section and quarter section corners are 
recognized as conclusive evidence of position and because 
they are for the most part property line marks, those 
authentic corners remaining and identifiable today 
17 
constitute the most valuable survey marks in the state of 
Missouri. They are, however, subject to the ravages of time 
and man and deserve the attention of the general public 
as well as the surveyors of the state in their preservation. 
The United States Geological Survey (USGS) has performed 
extensive surveys within the state of Missouri for the 
control of mapping projects. The initial surveys were 
astronomic determinations of latitude and longitude in 
southwest Missouri and southeast Kansas. Stations at 
Bolivar and Springfield were determined in 1886. Other 
stations were established in the state prior to 1900. 
Triangulation and traverse lines were extended from these 
astronomic stations for map control. The traverse points 
were monumented as Primary Traverse Stations (PTS) and 
numbered consecutively by each surveyor from each point 
of beginning. Thus there are many "PTS No. 1" stations 
but when identified by the surveyors initial and the date 
of establishment, "PTS No. 1 WL 1906", it becomes a unique 
point. 
During the 1930's a great number of traverse points 
were established by the USGS under the Emergency Relief 
Act (ERA) and the Civilian \Vorks Agency (CWA) programs. 
These surveys were performed and computed as geodetic 
surveys but only to third order accuracy. The results were 
published in USGS Bulletin 916 A through H, Transit Traverse 
in Missouri [8]. Many of the monuments can be found in this 
state but the methods used in the surveys do not allow the 
18 
use of their positions as starting points for J~scriptions 
involving the Missouri Coordinate system. The Coast and 
Geodetic Survey has redetermined the position of soi:-~e of the 
USGS marks whenever it was convenient to tie from a 
lation station to the USGS mark. Table II shows the 
triangu-
com-
parison of third order positions as determined by the Coast 
and Geodetic Survey. 
The Mississippi River Corrunission Cl'1RC) and the :-lissouri 
River CoiTlJTI_ission (}10RC) performed extensive survc:ys along 
the respective rivers. These surveys consist primarily 
of triangulation for position and level lines. Sor:1c of the 
River Commission Survey Stations have been occupied by the 
Coast and Geodetic Survey or tied to a triangulation station 
by traverse. Although the stations were reputed to be of 
good accuracy, the computation of most of the triangulation 
was performed before the 1927 North American Datwn was 
adopted and any adjustment has been by straight line prora-
tion. A comparison of values for corresponding stations 
lS g1ven in iable III. 
The various transportation agenc1es including Missouri 
State High1-;ay Department, the railroad compan1es, po\.Jer 
distribution companies, and pipeline companies have per-
formed surveys for the location of routes across the state, 
however, these surveys were primarily plane surveys and met 
only the requirements for construction. The Missouri State 
Highway Department has been using electronic distance 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































their highways for the past five to six years but while 
the distances are well measured the angle observing program 
and azimuth control do not qualify this work as second 
order geodetic controL. 
In the City of St. Louis the Land Clearance for Redevelop-
ment Au-thority has been responsible for extensive "geodetic" 
surveys in the urban renewal project areas of that city. 
These surveys were performed primarily by transit-tape 
trav2rse methods and have as an origin a point at the inter-
section of the east line of Grand Boulevard with the north 
line of Forest Park Boulevard. Orientation of the survey 
1s determined by an astronomic azimuth observed at the point 
of origin and no check azimuths are indicated. There are 
no ties to any geodetic points and there are no first or 
second order points within the city limits to tie to at the 
present time. 
1927 NORTH AMERICAN DATUM 
The early geodetic control surveys of the United States 
were started in many places and consequently were computed 
on as many datums. The Coast and Geodetic Survey triangu-
lation was computed on Clarke's 1866 spheroid, but positions 
were computed from some astronomic position and azimuth 
within each local network of triangulation. In 1900 the 
computation of the transcontinental arc along the thirty-
ninth parallel tied the east coast triangulation and the 
west coast triangulation systems together. It was decided 
to place the entire United States on a common datum and 
since the New England datum covered an extensive area of 
the northeast and east, this datum was accepted as the 
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United States Standard Datum in 1901. In 1913 Canada and 
Mexico accepted the United States Standard Datum and it 
then became known as the North American Datum. 
The number of arcs of triangulation increased rapidly 
during the period from 1901 to 1927. The triangulation in 
the United States increased ln coverage to the extent that it 
was apparent that a readjustment of the entire network was 
des~rable. In order to accomplish this task the work west 
of the ninty-eighth meridian was adjusted as a unit, holding 
the position of station Meades Ranch constant from the 
previous datum. The orientation of the new datum is con-
trolled by various Laplace azimuths distributed throughout 
the network of triangulation. As soon as the network west 
of the n~nty-eighth meridian was adjusted, the adjustment 
east of the 11inty-eighth meridian was started. The network 
consists of arcs of triangulation 150 miles to 300 miles 
apart and the positJ.ons derived from the 1927 adjustment 
form a rigid framework to which all subsequent work must 
be made to conform. The results of this adjustment is still 
ln use today and constitutes what is called the 1927 North 
American Datum. The legal definition of the Missouri Plane 
Coordinate System is founded upon this 1927 North American 
Datum and only those points adjusted to this datum may be 
used. All work of the Coast and Geodetic Survey is currently 
published on this datum but there are still available in 
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libraries, copies of publications containing geodetic poei-
tions p11blished on other datums. 
In various publications on the use of geodetic coordinate 
systems one will find statements similar to the following[l]; 
The difficulties of accurately locating and 
permanently defining the boundaries of a farmer's 
plantation on the land, even with the aid of 
monuments, public roads, and other points 
of reference, are often great, judging from 
the disputes frequently arising in connection 
\vi th boundaries. 
There is only one point on the earth's 
surface at the intersection of any one parallel 
of latitude and any one meridian of longitude, 
and therefore there can be no dispute as to 
the meaning of such a geographic definition of 
the location of a point, even though all the 
original triangulation station marks used in 
its determination, together with the chart on 
which its position was originally plotted 
have ~een totally destroyed. 
One mus~ be very careful that the position available is 
on the proper datum as is shown by the following three 
lati·tudes for station Hunter: Astronomic; 38°25' 48.01" 
Kor~h American datum; 
II 38° 25' 45.210 , 1927 North American 
rJ.aturr1 380 25' 45.313 11 • Recognizing that one second of 
latitude is approximately 100 feet it is seen that this 
station hcJ.s "moved". In order to avoid this situation 
only the latest published positions should be used. 
FRESENT COAST AND GEODETIC SURVEY CONTROL IN MISSOURI 
After the completion of the thirty-ninth parallel of 
t~iangulation there was no tri~ngulation performed in 
Missouri by the Coast and Geodetic Survey until 1928. 
There were control surveys performed by the Mississippi 
River Commission, in 1880 and in 1906 which were 
24 
ir1corporated into the national network. During the years 
1928, 1929, 1930 arcs were completed along the 93rd 
meridian from the Iowa line to Arkansas and along the 
37th parallel from the 93rd meridian to the Mississippi 
River to complete the loops required for the adjustment 
of the national network east of the ninty-eighth meridian. 
The general plan of execution since that time has been 
to achieve a spacing, of first order arcs of triangulation, 
of forty to sixty miles with the areas between to be con-
trolled by second order triangulation or traverse. The 
first order triangulation has been completed to approx-
irrately the 60 mile grid of arcs and a major portion of 
the areas between arcs have been covered by area triangu-
lation. There are nine areas ranging in s1ze from 1+00 
square miles to 2800 square miles in which no geodetic 
control surveys have been performed~ as shown on Fjgure 2. 
DENSITY OF HORIZONTAL eONTROL IN MISSOURI 
The Manual of Geodetic Triangulation [3] of the Coast 
and Geodetic Survey contains the following statement 
concerning the desirable spacing of geodetic control 
points: 
Generally the density ~f p~rmanentl~ marked 
control points should be 1n d1rect rat1o to 
land values. In metropolitian areas and along 
interstate highway systems a spaci~g at one. 
or two miles intervals may be requ1red and 1n 
rural areas of high land value a spacing of 
three or four miles may be desirable. Although 
wider spacing may suffice fo~ Federal topo-
graphic mapping, closer.spaclng may be needed 
for property surveys, h1ghwa~ progr~ms, 
transmission lines, reclamat1on proJects, and 
Figure 2 . 
Adjusted first - order triangulation 
Adjusted second- order triangulation 
Distribution of Triangulation ln Missouri 
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numerous other engineering activities. The 
m~re closely spaced stations should be so 
s1tuated that they are readily available to 
local engineers. 
In order that the land surveyors of Missouri might 
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know what to expect in various areas of the state this 
project was undertaken to determine what geodetic surveys 
were available and the general location of existing control. 
From the foregoing data it appears to this writer that 
the only stations which may be used for starting or tie 
points for location of property with state plane coordinates 
are those stations whose positions have been established 
by the Coast and Geodetic Survey. Second order positions 
established by the United States Geological Survey will 
be acceptable but none have been established in Missouri 
as of August 1968. 
In the preparation of this thesis an extensive evaluation 
of the current published list of geodetic data for the state 
of Missouri was performed by this writer and the following 
tabulations were made and the results presented in the 
tables indicated. 
a) number of station units per county with density ex-
pressed as square miles per station unit and station 
units per township Table IV 
b) total number of stations per county with density index 
t d in terms of; stations per one million dollars co~pu· e 
assessed valuation Table V 
c) stations per one thousand dollars valuation per square 
mile Table VI 
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In The establishment of first and second order geodetic 
s~ations in Missouri the Coast and Geodetic Survey has 
relied primarily on the method of triangulation for fixing 
the position of the main scheme stations. When a monument:ed 
station of another organization such.as the Un~ted States 
Geolosical Survey or Missouri River Commission was located 
near tl1e triangulation station (from six feet to a half mile 
in some cases) the station is located by first or second 
order traverse methods and the station is listed as an 
"unchecked position" because of its location on a spur line 
from only one main scheme station. Because of the proximity 
of the main scheme station and these nearby traverse stations 
both positions were counted as one station unit in the 
computation of the number of square miles per station unit 
and the number of station. units per township. 
The total number of stations in a county was used in the 
computation of index of density based on assessed valuation. 
Tl1e deterrnina·tion of the total number of stations is not 
a true value in many counties because of stations being 
d0s·!::royed and replaced at nearly the same location. In 
s· 'Ch cases the usual practice is to caJ.l the new s·tation 
by the same name with a number affixed. The extreme case 
occurs 1 n Stoddard County where station DITCH has been 
destroyed three times and the published list shows DITCH, 
DITCH 2, DITCH 3, and DITCH 4 as being established stations 
but with the first three stations being reported destroyed. 
In addition ·to these four stat5.on being counted in the 
evaluation of Total stations a United States Geological 
Survey gaging station bench mark a few hundred feet away 
is connected by traverse to one of the DITCH stations so 
its position lS counted also. 
A second station being established nearby does not 
al~ays indicate that the original station is destroyed. 
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In Phelps County, on the campus of -'che University of 
Missouri - Rolla, station MSM was established in 1934. 
I'Vnen the Coast and Geodetic Survey returned to the area ln 
1946 to reoccupy the station a temporary World War II 
building had been constructed over the station and station 
MSM 2 was established nearby. There are a number of st~tions 
over the state that have been destroyed through various 
action of man and nature and have not been restored. 
As stated earlie~ stations should be more closely spaced 
ln areas of high land value and along interstate highways. 
A total of sixteen positions has been determined to first 
or second order accuracy in St. Louis County - City and 
of these, slx have been reported destroyed or disturbed, 
and three are located by traverse from nearby stations, 
leaving only seven distinct controlled areas in the state's 
most populated and richest county. 
The basic requirements as to length of sides ln first 
ano second order geodetic control have led to three gen-
eral control conditions in the state of !"'lis souri. First 
order triangulation requires well shaped quadrilateral 
figures, both diagonals of which can be observed. 
By us1ng steel observing towers, figures with sides of 
from fifteen to twenty miles could be obtained without 
difficulty and consequently along the first order arcs 
of triangulation it is not uncominon that there be an 
area of two to four hundred square miles surrounded by 
29 
first order stations. Second order control was established 
primarily for the contr•ol of mapping projects and stat ions 
have generally been spaced at about five to eight miles 
intervals or about one station per seven and one-half 
minute quadrangle, or about one station per township of 
the Public Land system. Ususlly these second order nets 
extend from the edge of one first order arc to the edge 
of the next arc and do not fill in the area between the 
first order stations. The third condition referred to 
are the areas bet\veen arcs wh;_ch have not been filled in 
by second order triangulation. Only one county is com-
pletely without triangulation, however, there are three 
counties with only one station, three counties with two 
stations and six counties with three stations making a 
total of thirteen counties with three stations or less. 
The analysis of control station density on the basis of 
areal distribution is the simplest to make and the indi-
cator most often referred to in practice. The distribution 
on the basis of area is also the criterion which will fulfill 
the requirement of the Missouri statute requiring that a 
h lf- "le of a point if coordinates station be within one- a ml 
are to be used. The statutory requirement would mean, 
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however, that the density on the basis of area be in excess 
of one station per section or square mile, while Table IV 
indicates that station density in Missouri is seldom 
greater than one station per township or 36 square miles. 
The term station as used here refers to station units 
because of the close proximity of certain stations. 
The evaluation of control station density with respect 
to assessed valuation gives one an indicator of need very 
different from the station - area relationship. Two 
indexes of need were computed based on valuation because 
of the wide range in the size of counties (267 square miles 
to 1183 square miles). Either one or both of these indexes 
could be used as a basis for planning future work. The 
index of density would be used in much the same way as a 
cost-benefit ratio is used by the highway eng1neer, exce~t 
that the lower this index the greater the need. As an 
example when comparing the need of two counties such as 
Carter and Jefferson which each have about one station 
per township, it is seen that the index of dertsity based 
on total assessed valuation is 0.17 for Jefferson county 
and 3.28 for Carter county indicating that the need 
based on this econom1c indicator is twenty times greater 
for Jefferson county. 
As an aid to interested persons Appendex IT--Stations 
1s included showing the names of triangulation stations 
1n each county and Appendex III--Quadrangles lists the 




It has been established from the data presented here 
that, in the areas where triangulation has been performed, 
the spacing of the stations varies from about five miles 
1n the ar2as of second order control to about ten miles 
1n areas in which only first order control has been 
performed. 
The Missouri statute quoted earlier in this paper stated 
that coordinates of the "Missouri Coordinate System" could 
not be presented for recordation unless a first or second 
order control point established in conformance with the 
specifications of the Coast and Geodetic Survey is within 
one-hal£ mile of the point so defined. In order to estab-
lish such a second order point the surveyor must occupy one 
established geodetic point and sight upon another geodetic 
point to obtain second order azimuth. The azimuth marks 
established near the triangulation stations will not suffice 
as starting azimuth for second order work since they are 
established only to third order accuracy. The expense and 
equipment necessar,y in order to use the "Missouri Coordinate 
System" for defining parcels of land or points more than 
one-half mile from a triangulation station is not justified 
on the majority of land surveys. 
This one-half mile limit may be modified, according to 
statute, by a duly authorized agency, but at this time no 
agency has been authorized to make such modification. It 
is believed by this writer that to arbitrarily modify the 
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limit would not be in the best interest of the people of 
Missouri or the surveying profession slnce it would allow 
the records to become cluttered with coordinates of sub-
standard accuracy. 
The recommendations of this writer are: 
1. That the state legislature form an agency with 
the authority to make geodetic surveys. 
2. That the State of Missouri cooperate in every 
way possible with the Environmental Science 
Service Administration, Coast and Geodetic 
Survey in the establishment of control in 
11issouri. 
3. That the State of Missouri cooperate with the 
United States Geological Survey in the estab-
lishment of control in Missouri. 
4. That the State of Missouri, through its 
Universities promote research in methods of 
extending high order horizontal control by 
photogrammetric methods. 
5. That the surveyors and engineers of Missouri 
be encouraged to use the Missouri coordinate 
system wherever feasible and especially on 
engineering projects which are not subject 
to the limitaTions of Missouri statutes. 
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TABLE IV 
TRIANGULATION STATION DENSI'IY IN NISSOURI BY COUNTY 
1 2 3 4 5 
COUNTY AREA NU11BER SQUARE STATION. 
IN OF MILES UNITS 
SQUARE STATION PER PER 
HILES l:'NITS STATION TOHNSHIP 
UNIT 
ADAIR 574 9 63.8 0.6 
ANDREW 435 11 39.6 0.9 
ATCHISON 549 11 50.0 0.7 
AU DRAIN 692 11 62.2 0.6 
BARRY 789 24 32.9 1.1 
BARTON 594 21 28.3 1.3 
BATES 841 26 32.4 1.1 
BENTON 742 13 57.0 0.6 
BOLLINGER 618 11 56.2 0.6 
BOO!';~ 683 20 34.1 1.1 
R1JC:HANAN 404 8 50.5 0.7 
BUTLER 714 19 37.6 1.0 
CAT~DWELL 430 11 39.1 0.9 
CALLAHAY 835 20 L~ 1. 7 0.9 
CAMDEN 655 21 31.2 1.1 
CAPE GIR..<\RDEAU 576 9 .64. 0 0.6 
CARROi~L 694 19 36.5 1.0 
CART~R 506 14 36.1 1.0 
CASS 698 10 69.8 0.5 
CEDA.ll 496 15 33.1 1.1 
CHARITON 759 24 31.6 1.1 
CHI~ISTIAN 567 20 28.3 1.3 
CLARK 509 3 168.0 0.2 
CLA.Y 413 11 37.6 1.0 
CLINTON 420 11 38.2 1.0 
COLE 385 8 48.2 0.7 
563 23 26.8 1.4 COOPER 
760 14 Sl+. 3 0.7 CF..A\.JFORD 29.6 1.2 
DADE 504 17 59.6 0.6 
DALLAS 537 9 
563 15 37.5 1.0 DAVIESS 38.5 0.9 423 11 DE KALB 51+. 0 0.7 756 14 DENT 270.0 0.1 809 3 DOUGLAS 30.1 1.2 
DUNKLIN 5h3 18 
TABLE IV (CONT.) 
TRLi\l~GULATION STATION DENSITY IN NISSOURI BY COUN1Y 
1 2 3 4 5 
COUNTY AREA NUMBER SQUARE STATION 
IN OF HILES UNITS 
SQUARE STATION PER PER 
HILES UNITS STATION TOh'NSHIP 
UNIT, 
FRANKLIN 932 18 51.8 0.7 
GASCONADE 520 11 47.2 0.8 
GENTRY 488 ,3 162.7 0.2 
GHEEh'E 677 27 25.0 1.4 
GRUNDY 435 7 62.1 0.6 
HARRISON 720 1 120.0 0.05 
HENRY 737 13 56.7 0.6 
HICKORY 410 10 41.0 0.9 
HOLT 464 11 42.2 0.9 
HOWARD 469 12 39.1 0.9 
HOV.lELL 920 16 54.1 0.7 
IRON 554 14 38.9 0.9 
JACKSON 603 16 40.2 0.9 
JASPER 642 27 23.8 1.5 
JEFFERSON 667 21 31.8 1.1 
JOHNSON 826 25 33.0 1.1 
KNOX 512 8 64.0 0.6 
LACLEDE 770 29 26.6 1.3 
LAFAYETTE 634 20 31.6 1.1 
LAWRENCE 619 25 24.8 1.5 
LEWIS 505 4 126.2 0.3 
LINCOLN 629 3 230.0 0.1 
LINN 624 15 41.6 
0.9 
533 17 31.4 1.1 LIVINGSTON 41.5 0.9 
McDONALD 540 13 
814 25 32.6 1.1 MACON 
496 12 41.4 
0.9 
1-1ADISON 35.0 1.0 
MARIES 526 15 147.0 0.2 
M...-\RION 440 3 2 228.0 0.2 HERCER 456 
18 31.7 1.1 MILLER 603 45.7 0.8 9 HISS ISS IPPI 411 46.5 0.8 9 
'HONI1EAU 418 51.5 0.7 13 MONROE 669 533.0 0.1 
MONTGOMERY 533 1 
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TABLE IV (CONT.) 
TRIANGULATION STATION DENSITY IN HISSOURI BY COUNTY 
1 2 3 4 5 
COUNTY AREA NUMBER SQUARE STATION 
IN OF MILES UNITS 
SQUARE STATION PER PER 
MILES UNITS STATION TOHNSHIP 
UNIT 
MORGAN 596 18 33.1 1.1 
NEW MADRID 679 23 29.4 1.2 
NEWTON 629 25 25.1 1.4 
NODAWAY 877 10 87.7 0.4 
OREGON 784 25 31.4 1.1 
OSAGE 601 14 43.0 0.8 
OZARK 743 15 49.5 0.7 
PEMISCOT 488 18 27.1 1.3 
PERRY 476 7 68.1 0.5 
PETTIS 679 15 32.0 1.1 
PHELPS 677 29 23.4 1.5 
PIKE 681 11 61.9 0.6 
Pl.ATTE 420 3 140.0 0.2 
POLK 642 12 53.5 0.7 
PULA.SKI 551 27 20.4 1.8 
PU'INA.'1 518 1 518.0 0.1 
RALLS 478 5 97.4 0.4 
RANDOLPH 484 11 44.0 0.8 
RAY 574 10 57.4 0.6 
REYNOLDS 819 25 32.8 1.1 
RIPJ..EY 639 24 26.6 1.3 
561 2 280.5 0.1 ST. CHA~LES 33.3 1.0 ST. Cl.AIR 699 21 38.5 0.9 S1"E. GENEVIEVE 500 13 26.9 1.3 
ST. FRANCOIS 457 17 
8 45.2 0.8 ST. LOUIS 497 37.9 1.0 
SALINE 759 20 153.0 0.2 
SCHUYLER 306 2 4 110.2 0.3 SCOTLAND 441 69.7 0.5 
SCOTT 418 6 
16 62.4 0.6 SHANNON 999 71.8 0.5 7 SHELBY 502 44.1 0.8 17 STODDARD 837 29.0 1.2 16 STONE 463 81.7 0.4 
SULLIVAN 654 8 
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TABLE IV (CONT.) 
TRIANGULATION STATION DENSITY IN HISSOURI BY COUNTI 
1 2 3 4 5 
COUNTY AREA NUHBER SQUARE STATION 
IN OF MILES UNITS 
SQUARE STATION PER PER 
MILES UNITS STATION TO\.JNSHIP 
UNIT 
TANEY 626 17 36.8 1.0 
TEXAS 1183 12 98.6 0.4 
VERNON 838 19 44.1 0.8 
HARREN 428 0 0 
HASHINGTON 760 15 50.6 0.7 
WAYNE 741 25 29.6 1.2 
l..ffiBSTER 590 5 118.0t 0.3 
WORTH 267 1 267.0 0.1 
WRIGHT 684 3 228.0 0.1 
37 
TABLE V 
INDEX OF DENSITY BASED ON TOTAL ASSESSED VALUATION OF COUNTY 
1 2 3 4 
COUNTY ASSESSED TOTAL STATIONS 
VALUATION NillffiER PER ONE 




ADAIR 3lf. 6 10 0.29 
ANDREW 26.8 12 0.45 
ATCHISON 29.2 12 0.41 
AUDP.AIN 58.1 13 0.22 
BARRY 25.7 28 1.09 
BARTON 24.0 21 0.88 
BATES 31.9 31 0.97 
BENTON 23.3 20 0.87 
BOLLINGER 14.2 15 1. 06 
BOONE 136.1 28 0.20 
BUCHANAN 139.7 10 0.072 
BUTLER 43.9 22 0. 50 
CALDHELL 19.8 12 0.61 
CALLAWAY 37.1 26 0.70 0.74 C.A.HDEN 36.8 27 
90.0 9 0.10 CAPE GIRARDEAU 0.43 
CARROLL 48.6 21 
15 3.28 CARTER 4.6 0.15 10 CASS 68.8 
17 1. 24 CEDAR 13.7 
26 0.60 CHARITON L~3. 4 21 1.10 CHRISTIAN 19.8 4 0.22 CLARK 18.3 14 0.056 CLAY 251.5 11 0.39 CLINTON 28.3 
13 0.17 COLE 78.3 27 0.80 
COOPER 33.6 16 0. 74 
CRA1\fFORD 2.1. 8 20 1. 30 
DADE 15.3 10 0.73 
DALLAS 13.7 
15 0. 71 
DAVIESS 21.2 11 0.54 
DE KALB 20.3 17 1. 23 
DENT 13.8 3 0.29 
DOUGLAS 10.3 24 0.49 
DUNKLIN 49.1 
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TABLE V (CONT.) 
INDEX OF DENSITY BASED ON TOTAL ASSESSED VALUATION OF COUNTY 
1 2 3 4 
COUNTY ASSESSED TOTAL STATIONS 
VALUATION N'li11BER PER ONE 
$1,000,000 OF HILL ION 
STATIONS ASSESSED 
VALUATION 
FRANKLIN 93.5 23 0.25 
GASCONADE 21.6 14 0.65 
GENTRY 20.1 3 0.15 
GREENE 234.8 29 0.12 
GRUNDY 25.7 8 0.31 
HARRISON 27.4 1 0.037 
HENRY 40.4 13 0.32 
HICKORY 8.4 11 1. 31 
HOLT 23.6 14 0.59 
HOWARD 23.8 14 0. 59 
HO\.JELL 26.7 17 0.64 
IRON 17.5 15 0.86 
JACKSON 1270.8 21 0.016 
JASPER 136.7 30 0.22 
JEFFERSON 151.5 26 0.17 
JOHNSON 50.0 29 0. 58 0.45 
KNOX 18.2 8 
LACLEDE 23.8 32 1. 34 0.43 
LAFAYETTE 56.0 24 26 0. 71 lAWRENCE 36.8 
18.6 4 0.22 LEWIS 3 0.082 LINCOLN 36.5 17 0.55 LINN 30.8 19 0.54 LIVINGSTON 35.2 16 1. 22 MCDONALD 13.1 
27 0.90 MACON 30.0 12 0.79 
MADISON 15.1 16 1.44 
MARIES 11.1 4 0.079 
MARION 50.9 2 0.14 
MERCER 14.3 
24 0.73 
MIT ... LER 32.9 11 0.33 
MISSISSIPPI 33.6 11 0.56 
MONITEAU 19.6 16 0.67 
HONROE 24.1 1 0.038 
MON TGO:HE RY 26.1 
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TABLE V (CONT.) 
n:DEX OF DENSITI BASED ON TOTAL ASSESSED VALUATION OF COUNTI 
1 2 3 4 
COUNTY ASSESSED TOTAL STATIONS 
VALUATION NUMBER PER ONE 
$1,000,000 OF NILLION 
STATIONS ASSESSED 
VALUATION 
HORGAN 25.3 24 0.95 
NEW MP.DRID 54.9 29 0. 53 
NEWTON 44.8 31 0.69 
NODAHAY 51.7 10 0.19 
OREGON 10.7 27 2.52 
OSAGE 21.0 17 0.82 
OZARK 7.7 20 2.60 
PEMISCOT 45.0 24 0. 53 
PERRY 29.3 7 0.24 
PETTIS 68.1 22 0.32 
PHELPS 34.0 33 0.97 
PIKE 42.7 11 0.26 
64.5 3 0.047 PLATTE 0.55 22.0 12 POLK 2.18 PULASKI 17.1 37 
14.5 1 0.069 ?U1MAN 
6 0.27 RALLS 22.0 0.26 
RANDOLPH 42.0 11 0.27 
RAY 37.4 10 27 2.14 REYNOLDS 12.7 
28 2.90 RIPL"E:Y 9.7 2 0.015 ST. CHARLES 136.6 25 1. 59 ST. CLAIR 15.8 13 0.51 STE. GENEVIEVE 25.7 17 0.26 ST. FRANCOIS 65.9 
16 0.0074 ST. LOUIS 2151.2 29 0.46 
SALINE 62.4 2 0.19 
SCHUYLER 10.4 4 0.26 
SCOTLAND 15.5 6 0.12 
SCOTT 52.2 
16 1. 85 
SHANNON 8.8 8 o.-40 
SHELBY 20.1 26 0.56 
STODDARD 46.9 18 1. 15 
STONE 15.7 9 0.55 
SULLIVAN 16.6 
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TABLE V (CONT.) 























































INDEX OF DEl~SITY BASED ON ASSESSED VALUATION PER SQUARE MILE 
1 2 3 4 
COUNTY ASSESSED TOTAL STATIONS 
VALUATION NUNBER PER ONE 
PER OF THOUSAND 
SQUARE STATIONS DOLLAR 
MILE VALUATION 
($1 '000) 
ADAIR 58.6 10 0.17 
ANDREW 65.0 12 0.18 
ATCHISON 53.2 12 0.23 
AU DRAIN 84.0 13 0.15 
BARRY 32.6 28 0.86 
BARTON 40.4 21 0.52 
BATES 37.9 31 0.82 
BENTON 31.4 20 0.64 
BOLI.INGER 23.0 15 0.65 
BOONE 199.0 28 0.14 
BUCHANAN 346.0 10 0.029 
BUTLER 61.4 22 0.36 
CALDWELL 46.0 12 0.26 0.59 
CALLAWAY 44.4 26 27 0.48 CA1-1DEN 56.2 
156.0 9 0.058 CAPE GIRARDEAU 21 0.30 CARROLL 70.1 15 1. 68 CARTER 9.0 10 0.10 CASS 98.5 17 0.62 CEDAR 27.6 
26 0.45 ClLI\RITON .57.1 21 0.61 CHRISTIAN 34.4 4 0.11 CLA.t'U< 35.9 14 0.023 
ClAY 608.0 11 0.16 
CLINTON 67.3 
13 0.064 
COLE 204.0 27 0.45 
COOPER 59.8 16 0.56 
CRAHFORD 28.6 20 0.66 
DADE 30.3 10 0.41 
DALLAS 25.4 
15 0.40 
DAVIESS 37.8 11 0.23 
DE KALB 1+8. 0 17 0.93 
DENT 18.2 3 0.23 
DOUGLAS 12.8 24 0.27 
DUNKLIN 90.5 
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. TABLE VI (CONT.) 
INDEX OF DENSITY BASED ON ASSESSED VALUATION PER SQUARE MILE 
1 2 3 4 
COUN1Y ASSESSED TOTAL STATIONS 
VALUATION NUMBER PER ONE 
PER OF 1110USAND 
SQUARE STATIONS DOLLARS 
MILE VALUATION 
($1, 000) 
FRANKLIN 10~.0 23 0.23 
GASCONADE 41.7 14 0.34 
GENTRY 41.2 3 0.073 
GREENE 346.0 29 0.084 
GRUNDY 59.0 8 0.14 
HARRISON 38.0 1 0.026 
HENRY 54.6 13 0.24 
HICKORY 20.4 11 0.54 
HOLT 50.8 14 0.28 
HOHARD 51.0 14 0.28 
HOWELL 28.6 17 0.60 
IRON 31.6 15 0.1+8 
JACKSON 2110.0 21 
0.010 
JASPER 212.0 30 
0.14 
JEFFERSON 227.0 26 
0.11 
JOHNSON 60.5 29 
0.48 
KNOX 35.7 8 
0.22 
LACLEDE 31.0 32 
1. 03 
24 0.27 LAFAYETTE 88.5 26 0.'-'4 LA\oJRENCE 59.5 
36.8 4 
0.11 
LE\HS 3 0.052 LINCOLN 58.1 17 0.35 
LINN 49.3 19 0.29 
LIVINGSTON 66.2 16 0.66 
MCDONALD 24.2 
27 0.73 
MACON 37.0 12 0.40 
MADISON 30.4 16 0.76 
MARIES 21.1 4 0.035 
MARION 115.0 2 0.063 
MERCER 31.5 
24 0.44 
MILLER 54.5 11 0.13 
MISSISSIPPI 82.0 11 0. 23 
l'iONI'IEAU 4'7. 0 16 0.44 
MONROE 36.0 1 0.020 
MONTGOMERY 49.0 
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TABLE VI (CONT.) 
INDEX OF DENSITY BASED ON ASSESSED VALUATION PER SQUARE MILE 
1 2 3 4 
COUNTY ASSESSED TOTAL STATIONS 
VALUATION NUMBER PER ONE 
PER OF THOUSAND 
SQUARE STATIONS DOLlARS 
HILE VALUATION 
($1,000) 
MORGAN 42.4 24 0.57 
NEW MADRID 80.8 29 0.36 
1"'EvlTON 71.2 31 0. 4/+ 
NODAWAY 59.4 10 0.17 
OREGON 13.7 27 1. 97 
OSAGE 34.8 17 0.49 
OZARK 10.4 20 1. 92 
PEMISCOT 92.4 24 0.26 
PERRY 61.5 7 0.11 
PETTIS 105.0 22 0.21 
PHELPS 50.6 33 0.65 
PIKE 62.5 11 0.18 
PI.ATTE 153.0 3 0.020 
POLK 34.3 12 0.35 
PULASKI 31.0 37 1.19 
PUTNAH 28.0 1 0.036 
RALLS 46.0 6 0.13 
RANDOLPH 86.6 11 0.13 
RAY 65.3 10 0.15 
REYNOLDS 15.5 27 1. 74 
RIPLEY 15.2 28 1.84 
ST. CILt\RLES 243.0 2 
0.0082 
ST. CLAIR 22.6 25 
1.10 
STE. GE:t-.TEVIEVE 51.3 13 
0.25 
ST. FRANCOIS 144.0 17 
0.12 
ST. LOUIS 4330.0 16 
0.0037 
SALINE 82.2 29 
0.35 
SCHUYLER 33!8 2 
0.059 
SCOTLAND 35.0 4 
0.11 
SCOTT 125.0 6 
0.048 
SHANNON 8.8 16 
1. 82 
SHELBY 40.3 8 
0.20 
STODDARD 56.0 26 
0.46 
STONE 34.0 18 
0.53 
SULLIVAN 25.4 9 
0.35 
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TABLE VI (CONT.) 
INDEX OF DENS I'lY BASED ON ASSESSED VALUATION PER SQllARE 11ILE 
1 2 3 4 
COUNTY ASSESSED TOTAL STATIONS 
VALUATION NUMBER PER ONE 
PER OF 11l0USAND 
SQUARE STATIONS DOLLARS 
MILE VAU:ATION 
($1,000) 
TANEY 31.1 17 0.55 
TEXAS 17.5 16 0.92 
VERNON 42.7 21 0.49 
WARREN 42.4 0 
WASHINGTON 40.5 17 0.42 
HAYNE 16.2 25 1. 55 
WEBSTER 31.5 8 0. 25 
WORTH 48.8 1 
0.020 




COHPARISON OF DENSITY INDEXES 
1 2 3 4 5 
COUNTY SQUARE STATION STATIONS STATIONS 
MILES UNITS PER ONE PER $1,000 
PER PER HILL ION VALUATION 
STATION TOWNSHIP DOLLARS PER SQUARE 
UNIT ASSESSED MILE 
VALUATION 
ADAIR 63.8 0.6 0. 29 0.17 
ANDREW 39.6 0.9 0.45 0.18 
ATCHISON 50.0 0.7 0.41 0.23 
AU DRAIN 62.2 0.6 0.22 0.15 
BARRY 32.9 1.1 1.09 0.86 
BARTON 28.3 1.3 0.88 0.52 
BATES 32.4 1.1 0.97 0.82 
BENTON 57.0 0.6 0.87 0.64 
BOLLINGER 56.2 0.6 1. 06 0.65 
BOONE 34.1 1.1 0.20 0.14 
BlJClL~NAN 50.5 0.7 0.072 0.029 
BUTLER 37.6 1.0 0.50 0.36 
CALD~.JELL 39.1 0.9 0.61 0.26 
CALl,AWAY 41.7 0.9 0.70 0.59 
CAMDEN 31.2 1.1 0.74 0.48 
CAPE GIRARDEAU 64.0 0.6 0.10 0.058 
CARROLL 36.5 1.0 0.43 0.30 
CARTER 36.1 1.0 3.28 1. 68 
CASS 69.8 0.5 0.15 0.10 
CEDAR 33.1 1.1 1. 24 
0.62 
CHARITON 31.6 1.1 0.60 
0.45 
CHRISTIAN 28.3 1.3 1.10 
0.61 
0.22 0.11 CLARK 168.0 0.2 
CL..-\Y 1.0 0.056 
0.23 
37.6 0.39 0.16 CLINTON 38.2 1.0 
0.7 0.17 0.064 COLE t+8. 2 0.80 0.45 
COOPER 26.8 1.4 0. 56 0.74 
CRAI~FORD 54.3 0.7 0.66 1. 30 
DADE 29.6 1.2 0.41 
DALLAS 59.6 0.6 
0. 73 
1.0 o. 71 
0.40 
DAVIESS 37.5 0.54 0.23 
DE KALB 38.5 0.9 1. 23 0.93 
DENT 54.0 0.7 0. 29 0.23 
DOUGLAS 270.0 0.1 0.49 0.27 
DUNKLIN 30.1 1.2 
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TABLE VII (CONT.) 
COP1PARISON OF DENSITY INDEXES 
1 2 3 4 5 
COUNTY SQUARE STATION STATIONS S TATIO~S 
MILES UNITS PER ONE PER $1,000 
PER PER MILLION VAU1ATION 
STATION TO.\TNSHIP DOLLARS PER SQUARE 
UNIT ASSESSED HILE 
VALUATION 
FRP..NKLIN 51.8 0.7 0.25 0.23 
GASCONADE 47.2 0.8 0.65 0.34 
GENTRY 162.7 0.2 0.15 0.073 
GREENE 25.0 1.4 0.12 0.084 
GRT..JNDY 62.1 0.6 0.31 0.14 
HARRISON 720 .o 0.05 0.037 0.026 
HENRY 56.7 0.6 0.32 0.24 
HICKORY 41.0 0.9 1.31 0.54 
HOLT 42.2 0.9 0.59 0.28 
HOWARD 39.1 0.9 0.59 0.28 
HO\.JELL 54.1 0.7 0.64 0.60 
IRON 38.9 0.9 0.86 0.1+8 
JACKSON 40.2 0.9 0.016 0.010 
JASPER 23.8 1.5 0.22 0.14 
JEFFERSON 31.8 1.1 0.17 0.11 
JOHNSON 33.0 1.1 0.58 0.48 
KNOX 64.0 0.6 0.45 0.22 
LACLEDE 26.6 1.3 1.34 1.03 
LAFAYETTE 31.6 1.1 0.43 0.27 
LAWRENCE 24.8 1.5 0.71 0.44 
lEHIS 126.2 0.3 0.22 0.11 
LINCOLN 230 .. 0 0.1 0.082 0.052 
LINN 41.6 0.9 0.55 0.35 
I~IVINCSTON 31.4 1.1 0.54 0.29 
HCDONAI.D 41.5 0.9 1.22 0.66 
HAC ON 32.6 1.1 0.90 0.73 
:t-'fADISON 41.4 0.9 0.79 0.40 
MARIES 35.0 1.0 1.44 0.76 
MARION 147.0 0.2 0.079 0.035 
MERCER 228.0 0.2 0.14 0.063 
MILLER 31.7 1.1 0.73 0.44 
MISSISSIPPI 45.7 0.8 0.33 0.13 
MO:t-ITTEAU 46.5 0.8 0.56 0.23 
110NROE 51.5 0.7 0.67 0.44 
MONTGOMERY 533.0 0.1 0.038 0.020 
TABLE VIl (CONTo) 
COMP/~ISON OF DENSITY INDF~ES 
1 2 3 4 5 
COUNTY SQUAJm STATION STATIONS STATIONS 
MILES UNITS PER ONE PER $1,000 
PER PER NILLION VALUATION 
STATION TOWNSHIP DOLLARS PER SQUARE 
UNIT ASSESSED MilE 
VALUATION 
MORGAN 33.1 1.1 0.95 0.57 
NEW N.ADRID 29.4 1.2 0.53 0.36 
NEWTON 25.1 1.4 0.69 0.44 
NODA~-lAY 87.7 0.4 0.19 0.17 
OREGON 31.4 1.1 2.52 1.97 
OSAGE t~3 .o 0.8 0.82 0.49 
OZARK 49.5 0.7 2.60 1.92 
PEMISCar 27.1 1.3 0.53 0.26 
PERRY 68.1 0.5 0.24 0.11 
PETTIS 32.0 1.1 0.32 0.21 
?HELPS 23.4 1.5 0.97 0.65 
PIKE 61.9 0.6 0.26 0.18 
PLATTE 140.0 0.2 0.047 0.020 
POLK 53.5 0.7 0.55 0.35 
PUT.ASKI 20.4 1.8 2.18 1.19 
PUINA~1 518.0 0.1 0.069 0.036 
RALLS 97.4 0.4 0.27 0.13 
RANDOLPH t~4 .0 0.8 0.26 0.13 
RAY 57.4 0.6 0.27 0.15 
REYNOLDS 32.8 1.1 2.14 1.74 
RIPLEY 26.6 1.3 2.90 1.84 
STO CHARLES 280.5 0.1 0.015 0.0082 
ST o CLAIR 33.3 1.0 1.59 1.10 
.::n:E • GENEVIEVE 38.5 0.9 0.51 0.25 
S'f" FRANCOIS 26.9 1.3 0.26 0.12 
ST. JJOUIS 45.2 0.8 0.0074 0.0037 
SAl.INE 37.9 1.0 0.46 0.35 
SCHUYLER 153.0 0.2 0.19 0.059 
SCOTLAND 110.2 0.3 0.26 0.11 
scarT 69.7 0.5 0.12 0.048 
SHM'NON 62.4 0.6 1.85 1.82 
SHELBY 71.8 0.5 0.40 0. 20 
STODDARD 44.1 0.8 0.56 0.46 
STONE 29.0 1.2 1.15 0.53 
STJLLIVAN 81.7 0.4 0.55 0.35 
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TABLE VII (CONT.) 
COMPARISON OF DENSITY INDEXES 
1 2 3 4 5 
COUNTY SQUARE STATION STATIONS STATIONS 
MILES UNITS PER ONE PER $1,000 
PER PER HILL ION VALUATION 
STATION TOWNSHIP DOLLARS PER SQL.:ARE 
lJNIT ASSESSED HILE 
VALUATION 
TA..~EY 36.8 1.0 0.88 0.55 
TEXAS 98.6 0.4 0.77 0.92 
VERNON 44.1 0.8 0.59 0.49 
WARREN 0 
WASHINGTON 50.6 0.7 0.55 0.42 
WAYNE 29.6 1.2 2.08 1.55 
WEBSTER 118.0 0.3 0.43 0.25 
HORTH 267.0 0.1 0.077 0.020 
WRIGIIT 228 .o 0.1 0.21 0.14 
!.~ 9 
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APPENDEX II.--STATIONS 
The triangulation and traverse stations of the first and 
second order are listed aphabetically by county. 
Stations marked by an asterisk(*) have been reported 
destroyed or disturbed, however, in some cases the under-
ground mark may still be in place. Many stations not so 
marked may also be disturbed without the fact havi.ng been 
reported. 
S·tations indented to the remainder of the list are tra-
verse stations which have been located by a measured 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The Environmental Science Service /~cjministra tion, Coast 
and Geodetic Survey, publishes geodetic control data for 
the state of Missouri, by 30 minute quadrangle. The 
quadrangles are numbered by the full degree of latitude, a 
zero, the full degree of longitude, and a digit from 1 to 4 
showing position in the one degree quadrangle as shown on the 
accompaning diaGram. 
The follm,.;ring table lists the 30 minute quaJrangle 
nurnb(,;rs ·that cover each county of the state. 
63 
APPENDIX III 
ADAIR 400922 400923 
A~DREW 390944 390951 400943 400952 
ATCHISON 400951 400952 400953 400954 
AUDRAIN 390912 390913 390922 
BARRY 360934 360941 
BARTON 370941 370942 370943 370944 
BATES 380942 380943 
BENT1)N 380931 380932 380932 380934 
BOLLINGER 370893 370894 370901 370902 
BOONE 380921 380924 390922 390923 
BUCHANAN 390944 390951 
BUTLER 360901 360904 
CALD\!JELL 390934 390941 
CALLAWAY 380914 380921 390913 390922 
CAMDEN 370921 370924 370931 380922 
380923 380932 
CAPE GIFARDEAU 370892 370893 370894 
CARROLL 390931 390932 390933 390934 
CARTER 360904 360911 370903 370912 
CASS 380941 380942 380943 380944 
CEDAR 37093'+ 370941 
CHARITON 390923 390924 390931 
390932 
CHRISTIAN 350924 360931 370923 
370933 
CLARK 400912 400913 q 00914 
CLAY 390942 390943 
CLINTON 390941 390942 390943 
39094'+ 
COLE 380921 380922 
r. q 
APPINDIX III (COUT.) 
COOPER 380924 380931 3S0923 
CRAWFORD 370911 37091'+ 3809] 2 ??C'·l13 
DADE 370933 370934 37091.4} ~ "/ ( Cj 1• 2 
DALLAS 370923 370924 370931 ,;7~~9:~2 
DAVIESS 390934 390941 400933 :, c CJ 3 lj 2 
DE KALB 390941 390942 1+0091.+3 ;-t ~I c ~ !~ Lt 
DENT 370911 370912 370913 ~} J 31 1+ 
DOUGLAS 360921 360924 370922 :~ l r 1 '1 I 3 
DUNKLIN 360893 36089 1+ 360<J01 : L U ~·. r; 2 
FRANKLIN 380903 380904 380911 :;Z·~~~jl2' 
GASCONADE 380911 380912 ?80913 ? 2 r; CJ 1 1+ 
GENTRY If 0 0 9 4 2 400943 
GREENE 370932 370933 
GRUNDY 390931 390934 lj 0 0 9 3 2 I I 1-, f1 (} 'J "') '-r o_.) \.._...) ,_) v 
HARRISON 400933 400934 '+ 0 0 9 '+ 1 lj~Q'j1;2 
HENRY 380933 380931i 3 8 0 9 1+1 :2CJ'j 1l2 
HICKORY 370931 370934 380932 '"lbG':J33 
HOLT 390951 400952 
HOHARD 380924 390922 390923 
HOWELL 360914 360921 370913 '37~922 
IRON 370903 370904 370911 
JACKSON 3809'+1 380944 3909LJ2 2 =~ 0 2 :t 3 
JASPER 3709'+2 3709'+3 
JEFFERSON 380902 380903 
JOHNSON 380934 380941 
390914 390921 400913 lj 0 0 9 2 2 KNOX 
C.5 
AP PENOIX III (CONT.) 
LACLEDE 370921 370922 370923 3 70s 2't 
LAFAYETTE 380934 380941 390932 390942 _:;'j,J933 
LA\·JRENCE 360934 360941 370933 3 7 0 91-t 2 
LEvJIS 390911 390914 1+00913 
LINCOLN 380904 380911 390903 3c:!0912 
LINN 390924 390931 400923 Lj 00932 
LIVINGSTON 390931 390934 
MCDONALD 360941 360944 
MACON 390921 390924 1+00922 It 0 0 9 2 3 
MADISON 370901 370902 370903 370904 
MARIES 380913 380922 
MARION 390911 390914 
MERCER 400931 400932 400933 l-t0093'+ 
MILLER 380922 380923 
HISSISSIPPI 36089l 370892 
HONITEAU 38092l 380922 380923 380924 
HONROE 390913 390914 390921 390922 
HONTGOMERY 380911 380914 390912 390913 
~10RGAN 380923 380924 380924 380932 
NE\>J HADRID 360891 360893 360894 
NEWTON 360941 360944 370942 3 "/ 0 9 4 3 
NODAWAY 400943 1+00944 400951 400952 
OREGON 360911 360914 
OSAGE 380913 380914 380921 380922 




PERRY 370894 370901 
PETTIS 380931 380934 
PHELPS 370914 370921 380913 
PIKE 390903 390911 390912 
PLATTE 390943 390944 390951 390952 
POLK 370931 370932 370933 370934 
PULASKI 370921 380922 
PUTNAM 400923 400924 l+ 0 0 9 31 400932 
R.l\LLS 390911 390912 390913 390914 
RANDOLPH 390921 390922 390923 390924 
RAY 390933 390934 390941 390S42 
REYNOLDS 370903 370904 370911 370912 
RIPLEY 360904 360911 
ST. CHARLES 380901 380904 
ST. CLAIR 370934 370941 380933 380942 
STE. GENEVIEVE 370894 370901 380902 
ST. FRANCOIS 370901 370904 380902 380903 
ST. LOUIS 380901 380902 380903 380904 
SALINE 380931 390923 3 9 0 9 32 
SCHUYLER 400921 400922 l+ 0 0 9 2 3 400924 
SCOTLAND 400913 400914 400921 !.~00922 
SCOTT 360891 360894 370892 370893 
SHAN NAN 360911 360914 370912 370913 
SHELBY 390914 390921 
STODDARD 360894 360901 370893 370902 
STONE 360931 360934 
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APPENDIX III (CONT.) 
SULLIVAN 400923 400932 
TANEY 360923 360931 
TEXAS 370913 370914 370921 370922 
VERNON 370941 370944 380942 38091+3 
WARREN 380904 380911 
WASHINGTON 370904 370911 380911 380912 
WAYNE 360901 360904 370902 370903 
WEBSTER 370923 370932 
WORTH 400941 400942 400943 1+0091-f4 
WRIGHT 370922 370923 
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